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N ewborn rat keratinocytes, the N BR cell line, synthesized 
the cyclooxygenase metabolic products, prostagland ins E2 
and F20· and the lipoxygenase metabolic product, hydroxy-
eicosa tetraenoic acid . This metabolism was stimulated by 
incubation of the cells with the Ca +,. ionophore, A23187 ; 
m elittin ; bradykinin; recombinant human f-met epidermal 
growth factor; the tumor promoter, 12-0-tetradecanoyl-
phorbol-13-acetate; and the synthetic analog of diacylgly-
cerol, 1-oleoyl-2-acetyl glycerol. Produ ction of the cy-
c100xygenase products was inhibited by the synthetic 
glucocorticoid, dexamethasone. The stimulation appeareq 
to be modulated by deesterifica tion of arachidonic acid fron, 
the cellular lipids, presumably by phospholipase A2. In, 
creased intracellular levels of Ca + + and phosphorylatinf!; 
activities that result from polyphosphoinositol turnover a~ 
well as phosphorylating activities independent of phos, 
phatidylinositol turnover appear to be regulating phos, 
pholipase A2 hydrolysis of phospholipids. J Invest D erma to/ 
88: 124-129, 1987 
-------------------------------------------------------------------------------------------------------------, 
M any in ves ti gators have exa mined arachidonic acid (AA) m etabolism in cultured keratinocytes [1-14]. C hiefly, work has been done w ith primary cul-tures of m ouse [1-4] o r human [6-9,11 ,12] ke-ratin ocy tes, but some investigators have worked 
with freshly iso lated cell suspensions [10]. Subcellular prepa ra-
ti ons of kerat inocytes have also been used for the study of AA 
m etabo lism [4, 9]. In addition , the AA m etabolites have been 
assayed by a variety of m ethods. As a res ul t, the data , perhaps 
not surprisin gly, have been inconsistent. While the m ajority of 
in vest iga tors agree that the predominant cyclooxygenase products 
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Abbreviations: 
AA: arachidonic acid 
BSA : bovine serum albumin 
EGF: epidermal growth factor 
I-l ETE: hyd roxyeicosa tetraenoic acid 
I-l PLC: high-performance liquid chromatograph y 
i-1 2-HETE: immunologica ll y active 12-hydroxyeicosatetraenoic 
acid 
L T: leukotrienc 
MEM: minim al essential medium 
NBR: newborn rat keratinocytes 
OAG: 1-0Ieoyl-2-ace tyl glycerol 
PG: prostaglandin 
PIP2: polyphosphatid ylinositol 
rEGF: recombinant human f-met EGF 
RIA : rad ioimmunoassay 
TP A: 12-0-tetradecanoylphorbol-13-acetate 
Tx: thromboxane 
of cu ltured keratinocytes are prostaglandins (PG) Ez and. 
PGFz,, [1, S-7,13,14J, there is d isagreem ent regarding other cy, 
c100xygenase products [PGl z, PGDz, and thromboxane (TxA_l 
[5,13,14). Furthermore, investigators have found varying amoun ts 
of lipoxygenase products rang ing from a predominance o f 15, 
hydroxyeicosatetraenoic acid (1S-HETE) and virtua ll y no leu, 
kotrienes (L Ts)(6-sulfidopeptide-containing L Ts or LTB4) [8 ,9] 
to a predominance of 12-HETE and little 1S-HETE [4] . 
Recent work [13, 14] has sugges ted tha t in kera tinocy te cultures, 
fibroblast conversions o f AA into metabolites are important and 
that fibrobl as ts can interact with keratinocytes to alter th e A A 
metabolism of the former. Investiga tors who work with cell sus-
pensions or primary cultures would have difficulty assess ing the 
possible effects of fibrob las t con tamination. This report describes 
the modulation o f AA m etabo lism in a ce lJ line of new born rat 
keratinocytes (N BR) [15] . T hese cells have undergone >30 pas-
sages; they are free of fibrobl as t contaminati on. 
Pentland and colleagues [6,7] have recen tl y shown a relation-
ship between PGE2 production and kera tinocy te proliferation. In 
other studies, epidermal growth factor (EGF) has been shown to 
stimulate PG synth esis in cultured cells [16-18J and AA release 
from epidermis [1 9]. The 12-0-tetradecanoylphorbol-13-acetate 
(TPA) type tumor pro moters have been shown to stimulate AA 
metabolism in murine keratinocytes [1] and other cultured celis 
[20J. 1-0Ieoyl-2-acetyl glycerol (OAG), a cell-permeable analog 
of diacylglycerol (an intermediate in m an y signal transmission 
processes that ac tivates the Ca + + phospholipid-dependent protein 
kinase C [21,22],) has been shown to stimulate AA m etabolism 
in other cultured cells [23J . Protein kinase C is also thought to 
be th e receptor for TPA type tllmor promotors [24 ,25]. We fo-
cused most o f Oll r studies on the effe cts o f these 3 m odulators 
(EGF, OAG, and TPA). However, stimulators of AA m etabolism 
in o ther cells [26- 28) such as the Ca + + -ionophore A-231S7, tht 
phospho lipase activa tor in bee veno m, melittin , and bradykinin, 
also stimulated AA metabolism in these keratinocytes. 
Dexamethasone's effect on AA meta bolism also was exa mined 
beca use of its therapeutic action as an antiinflammatory agent in 
the skin and its known effects on PG m etabolism in other cell 
[26, 29 ,30J. 
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MATER IALS AND METHODS 
Newborn rat keratin ocyte cells (a gift of Drs. Howard Baden and 
Joseph Kubilus) were grown in minimal essential medium (MEM) 
supplem ented with 20% (vol/vol) fetal bov ine serum , hydrocor-
tisone 0.4 fLg/ml , peni cillin 100 U / ml , and strepto mycin 100 
J.Lg/ ml. Under these conditi ons cells plated at 0.45 x 10" cells/cm 2 
reached confluence in 6-7 days . These cells are not transform ed 
but can undergo up to 70 passages in the absence of 3T 3 feeder 
cell support. Experimen ts were done on cell s in th eir 19th-35th 
passage. 
C ultures were maintained on 1 OO- mm Petri dishes (Falcon Plas-
tics) at 37°C in an atmosphere of 95% air-5 % CO2. One da y 
prio r to ex periments cells were treated w ith 0.25% tryp-
si n/ EDTA, suspended, and seeded onto 35-mm dishes at a plating 
density of 0 .1 x 10(, cells/dish as determined by co untin g cells 
in a hem ocytometer chamber. Trypsi nization and countin g of 
cells from 35-mm dishes 24 h later revea led that 0.4- 0.5 x 105 
cells had attached to th e dish . This correlates well w ith the plating 
effic iency of these cell s [15] . 
Twenty- four hours after seedin g, the cells were washed twice 
with 1 ml o f ME M and covered w ith 1 ml of either MEM or 
MEM plus one o r more of the modulators described below. At 
designated times supernata nts were decanted from cultures, cen-
trifuged at 1500 g for 30 min at 4°C to remove any cellular debri s, 
and anal yzed by radioimmunoassay (RIA) [1 8] using antisera of 
known specifi cities. T he antibodies directed aga inst PGE2, PGF2" , 
6-keto-PGF J", TxB2, and PGD2 are hi ghl y specifi c [31] . T he an-
tibody to 12-HETE reacts with several monohydroxy HETEs 
[31] . T he antibodies for L TB" and L TC4 were obtained from Dr. 
E. C. Hayes of M erck Institute. The antibody to L TB4, is highl y 
specific but the antibody to L TC4 does not di stinguish between 
LTC", D 4 , and E4 [31] . 
All modulators were stored at - 20°C as concentrated so lutions 
and diluted into MEM for experim ents. Bradykin in and melittin 
purchased from Sigma and recombinan t human f-m et EGF (rEGF) 
(Amgen Biologicals, Thousand Oaks , Cali forn ia) were stored in 
MEM at 0. 1 m g/ml, 1 m g/ ml, and 0.1 mg/ml, res pectively. 
A23187, dexamethasone (Sigma), TPA (CM C Cancer Resea rch 
C hemicals, Inc., Brewster, N ew Yo rk), and OAG (Molecular 
Probes, Junction C ity, Oregon) were stored in DMSO at 1 mg/ml, 
0. 1 m g/ml , 10 J.Lg/ml, and 25 mg/ml , respectively. All com-
pounds disso lved in DMSO were diluted at leas t 1:1000 for ex-
periments, a concentration of D MS O that had no effect on AA 
metabolism by these cells. 
For rad ioactive labeling experim ents, cells were plated as de-
scribed above at 0.1 X 106 cell s/35-mm dish in medium con-
tainin g 0.2 J.LC i/ ml of [3H]AA (5,6,8 ,9,11 ,12,13, 15 [3H(N)], 87.4 
Ci/mmol) (N ew England Nuclear , Boston, M assachusetts). 
Twenty-four hours later cultures were washed 2 times with MEM , 
and m odulato rs were added as described above in MEM con-
taining 0. 5% fatty acid-free bovine serum albumin (BS A). At 
designated tim es supernatant fluid s were coll ected and analyzed 
by scintillation spectroscopy. 
For high-perform ance liquid chromatography (HPLC) analy-
sis, cul ture fluids from radiolabeled cells (7 dishes) were poo led 
an d extracted w ith 3 vol of absolute ethanol. The 75% ethano l 
solution was eva po rated to dryness using vacuum distillation. The 
residue was dissolved in 120 fLl of ethanol and anal yzed by reve rse 
phase HPLC on a J.LBondapak phenyl column (Waters Assoc.; 
7.8- 300 mm) using a starting solvent of 0.6% amyl alcohol , 6% 
methanol , and 93.4% 10 mM potassium phosphate, pH 7.4. E lu-
tion was performed using a linea r g radient o f increasing methanol 
concentration to a fina l soluti on of 0.6% am yl alcohol-99.4% 
methano l. One-millili ter fracti ons were dried under strea ms of 
air and resuspended in scintillation fluid for co unting. Before 
drying, 20-40 fLI of the appropriate frac tions (indicated in Fig 4) 
were analyzed by RIA. 
Sta tistical analysis, w hen indica ted, was performed by analysis 
of variance followed by the N ewman-Keuls Multiple Range test. 
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RESULTS 
In preliminary experiments, th e N BR cell s (plating density of 
1 x 105/35-mm dish = fin al density of 0.5 x 105/35-mm dish) 
were treated with melittin (1. 8 J.L M) and Ca + + -ionophore A-23187 
(1 J.L M) for 22 h. Arachidonic acid metabolism was stimulated by 
the melittin and A-23187 [3. 63 :!: SD of 0.533 ng/ ml PGE2 and 
0. 53 :!: SD of 0.126 ng/ ml PGF2a when incubated in MEM , 12.13 
:!: SD of 0.673 ng/ml PGE2 and 1.35 :!: SD of O.381ng/ml PGF2a 
when incubated with melittin , and 16.69 :!: SD of 0.807 ng/ml 
PGE2 and 2.19 :!: SD of 0.040 ng/ml PGF2a w hen incubated w ith 
A-23187 (p < 0.001 w ith 10 dishes) ]. After incubation w ith mel-
ittin, immunologicall y active (i) 12-HETE was detected but L TB 4 , 
and 6-sulfidop eptide-contai nin g L Ts w ere no t. The presence of 
6-keto-PG FJ", T xB2, and PGD2 was detected by RIA but at levels 
25- to 50-fold less than that ofPGE2 plus PGF2,,; thus , the analyses 
for these AA metabolites coul d reflect the 25- to 50- fold excess 
of PGE2 an d/o r PGF2a . The NBR cells were also stimulated to 
produce increased levels of PGE2 w hen incubated w ith bradykinin 
(0.1 J.LM ) for 20 h (2.6 ng PGE2/ ml in MEM , 4.27 ng PGE2/ ml 
in the presence of bradyk inin) (p < 0.001 w ith 5 dishes). 
Since the AA metabolites were eas il y detectab le at this cell 
densi ty, furth er experiments were perfo rm ed with the N BR cells 
at a fin al density of 0.5 x 105 cells/35-mm dish. The levels of 
cyclooxygenase products produced by N BR cells at this density 
are given in Table I. Aga in , 95% or grea ter of cyclooxygenase 
products made by N BR cells consisted of PGE2 and PGF2" (Tab le 
I), and of these, PGE2 was consistentl y synthesized in slightl y 
grea ter quantity. In cubation of N BR cells in MEM for 22 h pro-
moted the synthesis of 1-2 ng/ml culture fluid for PGE2 and 
0.6- 1.2 ng/ml fo r PGF2a . In the culture fluid s of the N BR cells 
that were treated w ith 17 nM TPA [13.45 ng PGE2/ ml and 11.1 
ng PGF2,,/ml were present (Table I)], LTB" and 6-sulfidopeptide-
containing LTs were not detected (0.1 ng/ml could have been 
detected) but i-1 2-HETE was present at 1-1 .5 ng/ml. Although 
absolu te quantities of the assayed products varied from day to 
day (sometimes as much as 2-fold) , the levels of PGE2 always 
were greater than those of PGF2". 
Also shown in Ta ble I are the cyclooxygenase products 
synthes ized after 22-h incubation with the modulators rEGF, 
TPA, OAG, in the presence and absence of dexa methasone. Re-
combinant human f-met EGF, TPA, and OAG stimulated PG 
Table I. Cyclooxygenase Produ cts of N ewborn Rat 
Keratinocyte Cells 
PGE2 PGhu 
Modula to r Dose (ng/m l) (ng/ml) 
MEM 1. 99 1. 20 
rEGF 18 nM 4.98" 4.5" 
+ dexamethasone 0.25 J1- M 2.5' 2.25' 
TPA 17 nM 13.45" 1 I. 1 n 
+ dexa methasone 0.25 J1- M 9.05' 5.52' 
OAG 63 J1-M 7.78" 4. 761. 
+ dexamethasone 0.25 J1-M 3.98' 2. 11 ' 
C el ls (0.5 x lOS) were incubated with the modulato rs listed above (sec Materials 
and Methods) (or 22 h and culture Auids analyzed by rad io immunoassay . Va lues 
shown arc means of ~3 dishes from a representati ve ex periment. Values for pros-
tag landin E2 (PGE2) and pros tag l a n C:i n~, (PGF",) were reprod uced qualitatively in 
each of 3 o r mo re experiments; va lues fo r other products in each of 2 o r mo rc 
experiments. 
Comparison w ith cel ls g rown in rhe :tbscncc o f hydrocortisone showed no qu al-
itati ve differences in the res po nse to the rccombinJrir f-mer epidermal g row th facror 
(rEGF), 12-0-tetradecanoylphorbo l-13-acetatc (TPA), and l-o leoy l-2-acetyl glyc-
ero l (OAG). T here was, however, a uniform amplifica tion of arachidonic acid 
metabolism to these m od ulators by cells g rown in the absence of hydrocortisone. 
This uniform amplifica tion was not quantified. 
"Treatm cnt shown was significantl y greater than min imal csscntial mcdium (MEM) 
by stacistical ana lys is with 5 o r morc dishes per g ro up in :it least 3 experiments. 
bSame as (n). except statis tica l significa nce was shown in 2 ex perimcn ts. 
(Inhibi tio n by dexa methasone was statist ica ll y s ig nifi cant in 1 o r more ex perim cnts 
wi th 5 o r mo re dishes per g roup. 
126 KVEDAR AND LEVINE 
A B 
5 .0 10.0 5 .0 
~ 
'" c 4.0 8.0 4 .0 
• S-
o 
... '" 3.0 .. 6 .0 / 0 3.0 '" Cl. it 
!: 2.0 /0 4 .0 ,,/0 2.0 '" w 
'" Cl. 1.0 2.0 ~ 1.0 
0. 1 1.0 10 100 0 .1 
OAG. }LM 
5.0 
• A B 
E 
..... 
g' 4.0 
" ~ 3 .0 
• 
u. 
<.:> 
a.. 
-i 2.0 
~ .. .~ 
~NI.O./ 
7.0 
E 
..... 
ao 6.0 
c: 
~ q 5.0 
• ~ 4 .0 
u. 
<.:> 
a.. 
c 
.., 
o 
° o 
D 
.., 
~. 
5 10 15 20 0 5 
HOURS 
1.0 10 100 
T PA, nM 
o 
o 
10 15 20 25 
Figure 2. Synthcsis of PGE2 (A ,C) and PGF"" (B,D) by NBR kt ratino-
cytes as a function of time. Data points are the mean of 2 dishes. O pn ' 
symbols represent PGF2., and closed symbols PGE2: (closed (rial/gle) MEM , 
(closed circle) EGF 18 nM , (closed sqllare) OAG 63 /-L M, (closed IIp side-dowII 
triallg!c) T PA 17 nM. As mentioned in the text, the absolute levels of AA 
metabolitcs synthesized by the NBR cells varied from experim ent to 
experiment. The reasons are unknown, although variation in cell plating 
probably is a contributing factor. What remained reproducible were the 
relative differences in each experim ent. The ex periment shown in A,B 
was done on a different day than that shown in C, D. The data shown in 
A,B compa re EGF with M EM and those in C, D compare TPA and OAG 
with MEM. If the data for MEM shown in C, D were plotted on the 
same scale as the data shown in A,B, a slow, but less pronounced, increase 
also would be observed. The data points at 24 h show differences of 
approximately 2- fo ld from A ,B to C ,D, a difference which is within our 
day-to-day va riability. 
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Figure 1. Synthesis of PGEz and PGF"a as 
a function of dose for 0.5 X !Os cells in, 
cubated for 22 h with (A) OAG, (8) TPA 
or (C) rEGF. Opell sy",bo/s represent PGF~ 
and dosed sy l/ ,bo/s represent PGE2 . Data poines 
are mean va lues for 2e:3 dishes fro l11 a rep_ 
resentative experiment. Each trea tment and 
dose designated (*) was shown by statistical 
analysis to be signifi cantly greater than MEl'v1 
(x = 1.5-2 ng/ m\ for PGEz and 1 ng/m\ 
fo r PGF2.,) in each of 2 other experiments 
with 2e:5 dishes per group. 
synth es is in NBR cells and dexam ethason e, at 0.25 J-lM , inhib ited 
the stimulations . In cubation o f the 0 .5 x 105 ceIJs/35-mm dish 
for 22 h with each of the 3 modulators produced a dose-dependent 
stimulation of PGE2 and PGF:!o synthesis (Fig 1) ; the stim.ulation 
of PGE2 productio n was statisti call y significant even at a dose as 
low as 63 J-lM O AG (Fig 1A), 1. 8 nM TPA (Fig IB), an d 0.01 8 
nM rEGF (Fig 1 C). A ll the stimulated syntheses of cyclooxygenase 
products w ere inhibited by aspirin (l00 J-lg/ ml) and indo m eth acin 
(0.1 J-lgimJ) (data no t shown). 
The synthesis of PGE2 and PGF2a by NBR cell s with respect 
to tim e is shown in Fi g 2 . In cultures incubated in MEM, synthesis 
o f PGE2 and PGF2a in creased slig htl y (Fig 2A,B) . C ulture flui ds 
taken a fter 8, 14, and 24 h were poo led and assayed for 6-keto-
PGF lo and sh owed the sa m e slow increase. The syntheses ofPGE2 
and PGF20 in the presence of rEGF (18 nM) are also show n in Fig 
2A (PGE2) and 2B (PGF2,,) . The stimulations were seen in the 
first 2 h . The stimulated syntheses of PGE:! and PGF20 by TPA 
and OAG are sho w n in Fi g 2C,D. The stimulatio ns were more 
strik in g at ea rlier times, bur th e s timulation by TPA was still seell 
after 12-15 h . 
T he effects of dexa m eth asone on all these stimulations are seen 
in Table I and Fi g 3. D exa m ethasone (0.25 J-lM) inhibited the PG 
synthesis by unstimul ated cell s and also th at of stimulatin g COIll-
pounds. Th is inhibitio n by dexa m eth asone was dose dependent 
(Fig 3) . 
In o rder to detect any increased liberation of AA from cellular 
lip ids, 0 .5 X 105 cells were ptelabelcd w ith tadiolabeled AA (by 
the prclabelin g proced ure, 40% of the labeled AA was inco rpo-
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Figure 3. Inhibition ofPGE2 production stimu lated by 0.9 nM EGF (closed 
circle) or unstimulated (opell circle) by increments of dexa methasone. As-
terisks indica te points where inhibition was significantl y different statis-
ti ca JJ y fi'o/ll 0.9 nM EGF or MEM . 
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Figure 4. Hi gh-perforl1lan ce liquid chrolllatogr"ph y analys is of culture 
fluids from NUR cells labeled w ith I.1 H IA A (sec [V/,/f('rials allri Meth(Jds). 
The yield frolll ex tra ctio n and HPle w as (,0-70% in all cases. The resul ts 
of RIA analyses of a liquots frolll eoch fr :lctio n of PG E, and PGF,u arc 
shown on the left (toil Ollri lII iddle pilllds). The cpm for fract ions of interest 
arc shown on th e left (iW(((J1II pOllel) and the r(Qh t pOlld. The ,liTO'" at Fraction 
50 shows the elu tion peak for standard I'GF, .. and the l ilT"'" at Fra ctio n 
71 the elution peak for AA. The OAG and TI'A stilllu latio n produced 
more tota l Cplll (see R('slIlts) , Illore cpm in fractio ns of interest , and 1110re 
PGE, and PGF,u than M EM. 
rated into cellul ar lipids) . After remova l of the unin co rpo rated 
radiolabcled AA b y success ive washes o f th e cells, the cell s were 
incubated for 20 h in MEM , 63 J.LM OAG, o r 17 nM TPA , in the 
presence of fatty acid-free BSA (5 mg/ml). The average release 
of radio label was 13,620, 17, 671, and 20,854 cpm/culture dis h, 
respectively. Anal ys is o f the poo led culture Auids fo r PGE~ by 
RIA showed 8.25 ng/ ml in the presence of OAG and '15 ng/ ml 
w hen incubated with TPA co mpared to 2.55 ng/ ml w hen incu-
bated in MEM alo ne. 
High-performan ce liquid chro matogra ph y ana lys is of th e ex-
trac ts of pooled supernatants revea led tlut the majorit y (- 60%) 
of radioactivity released cochromatographed w ith AA (Fi g 4, 
right). A sm a)) pea k of activity was also seen w hi ch cochro ma-
tographed w ith authentic PGF,o (Fig 4, top leji). Authenti c I'GE~ 
also coch romatographs with this retcntio n tillle, but it was not 
chromatog raphed durin g this series o f ex perim ents. This peak 
w as shown to contain both PGE2 and PG F2u by RIA of indi vidual 
fract io ns (Fi g 4, middle leji and bOllom leji). 
DISCUSS ION 
Pure cu ltures of a cell line of keratino cytes (N 1311 ) had as their 
predomin ant AA metabolites, PGE2 and PGF2u ' Of the Iipoxy-
genase prod ucts measured , onl y i-12-HETE was present. Leu-
kotrienes, either L TB4 or the 6-sul fidopept ide-co ntaining L T s, 
were not detected. Our antiserum to 12-HETE reac ts w ith 5-
HETE, 7-HETE, 9-HETE, and 15-H ETE so that it is imposs ible 
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Figure 5. H ypotheti cal meci13 nisl1l s of AA metabo lism by NUI( cells. 
to abso lu tely identify and quant ify the i-HETEs without their 
prio r separation . In general , resu lts o btained fo r cyclooxygenase 
prod ucts concur with those of in vest igato rs w ho have meas urcd 
th ese met:lbolites in prim:lry cultures of murine :lnd hum an ke-
ratin ocytes 11 ,5-91. suggestin g th at in the studies with primary 
cultures, cells other dun kerat inocy tes did no t contribute at least 
to the cyclooxygcnase metabo li c profi le. H owever, we did no t 
detect L TB" repo rted to be sy nthes ized by cel l suspensions of 
hum :l n keratinocytes 11 01 o r by subcellul ar preparation s of murine 
keratin ocy tes 14 1. The reason fo r this co ntradi ction is not obvious 
sin ce in the !Jtter stud y 14 1 the poss ibility that ce lls other dun 
kerat inocytes contributed to th e poo l o f AA metabolites was ruled 
out. O ur s tud y and data from other investi ga to rs indi cate the 
fo llowin g AA metabolitc pro file for kcratinocytes: PGE~ and PGF20 , 
approxi mately 95%.; m ono h yd roxy HETEs, approx imately 5%. 
Co nAict rem ains rega rdin g thc ex tent of 5 lipoxygcnase activity 
on keratinocytes. 
In th e present studi cs, stimula tio n of AA m etabolism accom-
panied the inAu x of Ca + . into the cell (A- 23 187). Trans loca tio n 
of intracellular Ca ' " (melittin) 132,33'1 also stimulated AA me-
tabolism as did activation of protcin kina se C by TPA and O AG 
12 1,22,24,25 1. Pol yphosp hat id ylin os ito l (P 1P2) turnover initi ated 
by a li gand-receptor intcractio n (b radykinin) 1341 was also shown 
to st imulate AA metabolism. A scheme to integrate these effects 
is shown in Fig 5. Since the tim e co urse of PI P2 hydrol ys is by 
phosp ho lipase C is seconds and th at of AA metabo lism is still 
continu in g even after ho urs (Fi g 2), in the scheme th e liberation 
of AA is assum ed to be via phospho li pase A2 hydrolys is. Both 
TPA :lnd OAG stimulate AA liberati o n fro m ccllular lipids (Fig 
4). This s trongly sugges ts that the mechanism by w hi ch the o ther 
m odu lato rs used in this stud y stim ulate cyclooxygenase and li-
poxygc nase act ivity also is through the increasin g of thc le vels o f 
substr:lte . 
The stimulation of PGE, and PGF2u synth esis by rEGF is o f 
great interes t. T he EGF binds to an ex terna l plasma m embrane 
receptor, and the receptor-lig:l lld co mplex is intern alized [35-371. 
It is then believed to exert its activit ies thro ug h a cycli c nucleotide-
independ ent tyrosine kinase [381. Pleio tropi c effects associated 
w ith EGF in clude stimu lation of prote in , DNA , and HNA syn-
thesis 139 1, in creased uptake of nutrients including Ca +; 1401, 
and in creased liberation of AA from cellular lipids [1 6, 17, 191. The 
steps tlut occur betwecn recepto r stimulat ion , interna li za tio n, and 
th ese va rious effects arc poo rl y understood. In the NBR kerat-
in ocy tes, EGF m ay be st imulatin g AA metabo lism by regulating 
liberati on of A A from cellula r li pids. Other in vestigato rs have 
shown that EGF stimulates synthesis of the cyclooxygenase 141], 
indi catin g anothe r poss ible effe ct of EGF on AA metabolism. 
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Because of the nature of o ur s rudi es, o ur d a ta d o n ot address this 
poss ibility . 
P rostaglandi n E2 , at 1 ng/ml has been impli cated as a growth-
promotin g autoco id for ke ratinocytes [6,7]. Pros tagla ndin F2u has 
been s hown, also at very low con cen trat ions, to s timula te initi-
a tio n ofD N A repli ca tion, and t o in crease t he rate of cellula r entry 
into the S phase in con Au ent cultu res of 3T3 'cells (42]. In this 
sa m e work, PGEz was s hown to enha nce th e la tte r effect but had 
no effect on grow th itsel f. Prostag landin F2" a nd EGF had syn-
e rg istic effect s o n DNA replica tion. It is possible th at EGF exerts 
positi ve feedback for g rowth reg u lation that is m ediat ed by PGE2 
and lor PG Fza production. The effect of cyclooxygen ase inhibitors 
on t his postulated positive feedb ack m echa nis m wou ld be of in-
terest. 
It was exp ected that the cyclooxygen ase metabolism would b e 
inhibite d by indomethacin an d aspirin . In view of the known 
effects of synthetic g lu cocorti coids o n AA m etabolis m (26,29,30] 
and the ir effi cacy as t herap eutic agents in skin , it was important 
to find th at d exa m e thasone also inhibited AA m etaboli sJ11. Wh en 
exa min ed with res pect to time, the inh ibi tion of PGE2 and PGF2a 
synthesis b y the dexameth asone was not seen at ea rl y tim e p e-
riods , but was sig nificant after about 5 h (data no t shown) . T he 
e ffect of d exa m e thason e d oes n ot appear to b e direct inhibition 
of an y of th e m e tabolic e nzymes of AA, but an indirec t effect 
m.ed ia tcd throu g h so m e othe r process, possibl y invo lvin g protein 
synthesis (29,30,43) . 
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